(U)iKriKriimoNALAr^ 




(19) l^ridlnldlcctoalPnipcrty Organization 
Intemational Bureau 

(4S) Intemational Publication Date 
28 December 2000 (28.12 JOOO) 



(51) IntematioBal Patent Ctassifictlon^: COTC 45/40, 
C08G 8«)4. 8«6, CXWL 61/00, 97/02 

PDInteraatioBalApplicationNumber. PCnGB0a«>2220 

(22) latenMitiooalFllingDate: 19 June 2000(19.0^000) 

(25) FOiBg Language: 



(30) Priority Data: 
9914101.2 
9914103.8 
9914106.1 
0013329.8 



18 June 1999 (18.06.1999) GB 

18 June 1999 (18.06.1999) C5B 

18 June 1999 (18.06.1999) GB 

1 June 2000 0)1.06.2000) GB 



f/n Applicants (for aU designated Slates exc^ ^ 
DU PONT DE NEMOURS [US/US]; 1007 Maftet 
Street, mmn&an. DE 1 9898 (US). THE UNIVERSITY 
OF WALES, BANGOR [GB/GB]; The BiocompoMtBS 
Cemie, Bangor, Gwynedd LL57 2UW (GB). 

(72) Inventors; and w 
1 (75) Inventors/Applicants ffor US anfy)i ™AN, Moh 
' hammed^ Lokman [BCVGB); 9 Lon y Bedw, Rolands, 
Bangor, Gwynedd LL57 4TN (GB). TOMMNSON. 
Jeremy [GB/GB]; Tan y Graig, Saoh, Gwynedd LL56 
4JR (GB), FlTCHETr, Cbtia, Staricy [GB/CT]; 13 
Se^wk^ Street, CambiWgC CBl 3AJ (GB). BLACK. 



IMIMIIIIHnnilll 

(10) inteniatioiMil PubBcation Number 

PCX wo 00/78699 Al 

Mairi. Janet [GSUGBt 63 Wheatslieaf Way, Ustoo, 
Candnidgesbife CBl 6XD (GB). 

04) Agents: HUTCHINS,MidMwl,RiehardetaL;FiyHealh 
&Siwice,TTie01dCttlk8B.53IOg>iSl««.Hoiley.S»iny 

RH67BN(GB). 

an DesnnatBd State (itatioiial): AE, AL. AM. AT, AU. AZ, 
BA,BB.BG.BR.BY.CA.CH.CN.CR.aJ,CZ.DB.DK. 
DM. EE, ES. H. GB. GD, GE. GH. GM. HR. HU, ID. m 
IN.1S.JP.KE.KG.KP.KR,KZ.LC,LK.LR,LS.U;UJ. 
LV. MA, MD. MG. MK. MN. MW. MX. NO. NZ. PU FT. 
RO.RU.SD.SE.SG.a.SK.SU-n.TM.IKTr.TZ.UA. 
UO, US. UZ. VN. W, ZA. ZW. 

(84) Dcs^ted State r^^KwaO: AMPO patent «HI. GM, 
KE. LS, MW, MZ. SD, SL, SZ. TZ. UG. ZW). Ennmui 
pateiit(AM.AZ.BY.KG.KZ.MD.RU,TI,TM),Biropean 
paaot (AT, BE. CH, CY. DE, DK, ES. H. FR. GB. GR. ffi. 
rr. LU. MC ML. FT. SE). OAH patent (BR BJ. CF. Oft 
a. Cai GA. ©J, GW, ML. MR. MB. SN. m TG). 

PuUiAcd: 

— ffitk intemational search retort 
_ BrforeaKe:q»raaoncfaKmeUmUforamaMf«me 

claim and to be npMidted in Ote ewH^tf rec^ «f 



fiirttfo-leUerecdesandotherabbreviations, r^toAe "Giad- 
(BK*HoUtonCodesaudAbbreviations"vpeariiigaiaieb^ 
ring(feadingaaris«ieofihePCFaBetie. 



S (54) Title: OXIDAnVECI^VAGE0FUNSAIURAIED<MLS AND P«^^ 

I (57) Ab«n.ct:minven«<«p««*fc.asoBdc«^^ 
© Uac»«dtl«nnasettmg«sin. wh^inthea^^ 
® akfchydesandpemxidesandnuxtDres tbe^of fo^ 
O a«imaloil,otherthantteozonolysisdeavagci«H^^ 



wo 00/78699 



PCT/GBOO/02220 



OXIDATIVE CLEAVAGE OF UNSATURATED OILS AND PRODUCTS OBTAINED THEREFROM 

5 

This invention relates to the preparation of resins from unsaturated oils and to the 
use of the resins in forming composite and polymeric materials. More particularly, the 
invention relates to the formation of aldehyde and/or peroxide resin precursors through the 
oxidative cleavage of unsaturated oils. 

10 

Backyronnd of the Invention 

It is known to use ozonolysis to form aldehyde mixtures from soya oils, see E. H. 
Pryde ei cd,^ The Journal of the American Oil Chemists' Society, page 376, VoL 38, 196L 
I^de et al disclose that the aldehyde mixtures formed from the ozonolysis are used to 
1 S form resins with phenol. 

The present invention relates primarily but not exclusively to the use of aldehydes 
derived from the ozonolysis of oils to form various useful industrial products. The 
invention further provides a number of novel processes for forming aldehydes from oils. 

20 

Snmmarv of the Invention 

In a first aspect, the invention provides a solid composite material comprising a 
matrix formed from a particulate or fibrous material and a cured thermosetting resin, 
25 wherein the cured thermosetting resin is derived from an oxidative cleavage product 
selected from aldehydes and peroxides and mixtures thereof formed by the oxidative 
cleavage of an unsaturated bond in an unsaturated plant or animal oil, other than the 
ozonolysis cleavage product of cashew nut shell liquid. 

30 The particulate or fibrous material can be an organic material, for example a 

lignocellulosic material such as a material selected from wood, straw, hemp, jute, flax, 
coconut fibre, rice straw and maize. One preferred lignocellulosic material comprises 
wood particles or wood fibre. 
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Although particulate or fibrous materials fiom natural sources are preferred, 
it is also possible to use fibres or particulate materials of man-made type. For example, 
such fibres or particles can be formed from polymer compositions, examples being 
reeled plastics. 

The particulate or fibrous material may alternatively (or additionally) be an 
inorganic material, for example an inorganic material selected from charcoal, marble (e.g. 
crushed maible), mineral fibre, mineral particles, ceramics, crushed rock, clay, coal, slate 
and glass. e.g. fibre glass. 

The solid composite material can take various forms such as, for example, sheet 
form or moulded form. Examples of composite materials in sheet firnn are boards and 
panels, particular examples being wood fibre boards such as chipboard, medium density 
fibre board (MDF). multilayer boards such as plywood, and building boards and panels. 



The measured properties of test wood particle boards in which the binder used has 
been derived from oxidatWe cleavage products of the present invention exceed those 
required for boartls to be of a standard acceptable in the nuuketplace and exceed the 
European Standards for Intenuil Bond Strength, Thickness Swell, and Bending Strength 
20 (Standards EN 319, EN 317, and EN 310). 

In another aspect, the invention provides a solid fijam material comprising a 
matrix fonned from a cured resin, wherein the cured resin is derived fiom an oxidative 
cleavage pniduct selected from aldehydes and peroxides and mixtures Aereof fonned by 
25 the oxidative cleavage of an unsaturated bond in an unsaturated plant or animal oil. 

The foam material typically is formed by reacting the oxidative cleavage product 
with an isocyanate, for example methylene diphenyl diisocyanate (MDl). Foams formed 
in accordance with the invention can be used as in/er alia insulating materials, upholstciy 
30 padding and packaging. 

In a fiirther aspect, the invention provides resin compositions per se, die resin 
compositions being derived from an oxidative cleavage product selected from aldehydes, 
hemiacetals and peroxides and matures Uiereof formed by the oxidative cleavage of an 
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unsatimited bond in an unsaturated plant or animal oil. In one embodiment, the oil is other 
tiian soya oil. 

n>e invention fiirther provides a resin composition as hereinbefore defined and 
including an acid or base catalyst. Examples of acid catalysts include sulphonic acids, 
particularly substimted sulphonic acids such as aromatic sulphonic acids, e.g. p-toluene- 
sulphonic acid. Examples of base catalysts include alkali metal hydroxides, and alkaline 
earth metal hydroxides, a particular basic catalyst being sodium hydroxide. 

Acid and base catelysed cured resins form a fiirther aspect of the invention. 



25 



30 



uses( 



The resins of the invention have a large number of applications, and examples of 
_„i of the resins are in the formation and manufacture of moulded panels, non-woven 
materials, fibre-glass products, boards, paper treatments, fiibric treatments, span textiles. 
15 toys (e.g. children's toys), lubricants, adhesives. castings, automotive components (such as 
bumpers, fenders, steering wheels, interior panels and mouMings. exterior trim and 
mouldings), upholstery (as padding or mouldings), binding recycled materials, foundry 
castings ami casting materials (fi)r example binders for nsftactoiy articles), bearings, films 
aiui coatings, packaging, foams, paint components, pipes, architectural and building 
20 products such as door and window firames. varnishes, release controlling coatinp such as 
release comiolling coatings for pharmaceuticals, solid prosthetic devices and medical 
devices, and wood treatment agpms. e.g. fi>r preserving and modifying the properties of 
wood. 



Articles of the type listed above, formed fi^om resins derived ftom an oxidative 
cleavage product selected fiom aldehydes and peroxides and mixtiires tiwreof formed by 
the oxidative cleavagp of an unsaturated bond in an unsaturated plant or animal oil 
rqxesent a fiirtfier aspect of the invention 

Plant oils useful in forming the products of the Invention include unsaturated plant 
oils such as tung oil, mono-, di-, and tri-glyceride oils such as oils from oil seed rape, 
limecd, soya . olive oil. castor oil, mustard seed oil. ground nut oil, and phenolic oils such 
as cashew nut shell liquid (Q^SL). 
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Oxidation of the oils is preferably effected by ozonolysis, although other oxidative 
methods suitable for cleaving unsaturated linkages present in the oils to form aldehydes 
and/or peroxides may also be used. Such alternative methods can include hydrogen 
peroxide, for example hydrogen peroxide in the presence of a suitable catalyst such as 
5 ferrous ions, oxidising metal salts such as periodates and permanganates. 

Oxidation of the oils can be carried out in a variety of different solvents which 
may be either "participating" or "non-participating". Protic soWents such as water or 
alcohols will tend to participate in the oxidation reaction. For example, the ozonation of 
10 unsaturated oils in a protic solvent such as an alcohol or water will lead to formation of a 
hydroperoxide whereas ozonides are formed in aprotic solvents such as hydrocarbons (e.g. 
cyclohexane, hexane) and chlorinated hydrocarbons (e.g. dichloromethane and 
chloroform). 

The ozone can be used at concentrations in the range 1 to 10% in oxj^en, and 
typically the treatment widi ozone is continued until ozonolysis is complete. The end 
point for ozonolysis can be judged using thin layer chromatography (TLC), or chemical 
methods such as the starch iodide test Such tests are used to check periodically forihe 
end point of the ozonolysis, i.e. when none of the components present in the starting oil 
20 are present in the reaction mixture. 

Where the oxidation is carried out using ozone, the reaction will typically be 
carried out at a temperature in the range -78"C to 60"C, preferably at ambient 
temperature. Though die temperature of the reaction mixture may rise on introduction of 
25 ozone to as high as 45"C it is preferable to operate at temperatures below 25'C. 

After the oxidation (e.g. ozonolysis) step, the intermediate ozonides and /or 
hydroperoxides are subject to cleavage (usually reductive cleavage) to form the 
aldehyde(s) and optionally hemiacctals thereof (in the case of reactions carried out in 
30 alcohols). 

Reduction of die ozonolysis reaction products (e.g. ozonides) can be carried out 
using any of a variety of reducing conditions. Thus, reduction can be effected using a 
suitable metal, such as a transition meul (e.g. zinc), preferably in the presence of an acid. 
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For ex«nple. eduction can be effected using zinc and acetic acid. Alternatively, other 

methods (e.g. standard methods) of achieving educing conditions can be used and 

examples of such methods include catalytic hydrogenation in the presence of a metal 

caudyst such as a transition metal catalyst; e.g. hydn,gen may be bubbled through the 

reactionmixtun^inthepn^^^ceofacatalystsuchasPd-CCcat^^^^ 

on calcium carbonate). Other reducing agents that can be used include iodide (e.g. 

sodium, potassium, calcium etc) + acetic acid; dimethyl sulphide; thiourea; triphenyl 

phosphinc; trimethyl phosphate and pyridine. 

The conditions used to effect reductive cleavage of ozonolysis reaction products 
havebeenkno^vnformanyyearsbuthaveremainedrelativelyunchanged. U«g.in 
Chemical Reviews 2(1940) page 453, lists various reducing agents for the conve««,n of 
peroxidic ozonolysis products to aldehydes and ketones. In a later review. ChemKal 
Reviews 58(1958) page 990. Bailey does not add any additional reducing agents to the 



IS list 



The Applicants have now found thatareducing sugar can be used to perform the 
^active cleavage ofthe products formed when oils(e.g. vegetable oils)»e treated 
ozone in the presence of a solvent which U an alcohol or an alcohol containmg solvent 

Theuseofasugarforthlspurposehasamajoradvantage,inthat,unlikemost 

reducing agents, there isnoneed to separateanyresidualmaterialsleft^ 

fact the residues fh«n the use ofsuch sugars can be ofbenefit when the oxidate 

productUusedinacurablecomposition. in thecaseof zinc powder ahd acetic 

25 powder must be removed. 

Catalytic hydrogpnation requires a source of hydrogen and the process can involve 
lengthy reaction times and the use of higher than atmospheric pressures. For example 
JAOCS 38(1961) includes a procedure at page 379 where hyd.t>genation in the presence 
30 of palladium on charcoal was carried out for 7 hours at atmospheric pressure and for a 
shorter time (not stated) at 40 p.s.g.i. Reduction with a reducing sugar can be 
accomplished in shorter times and in a simpler manner. 

Thus, according to a farther aspect of the invention. tf>ere is provided a process 
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for the pmduction of aldehydes and/or peroxides, which process comprises the treatment 
ofaveg^e oil with ozone(e.g. in the presence of an alcohol asasolvent for the 0.1) so 

that hydn,pe«>xides are produced, and the reductive cleavage of the hydroperoxides w«h a 

reducing sugar. 

The r^ucing sugar can be for example a monosaccharide or a dls«xharide, and 
can be an aldose or a ketose sugar. Particular examples of reducing sugars are hexose 
monosaccharide sugars such as glucose, mannose. allose. and galactose, and disaechandes 
such as maltose. A presently preferred sugar is alpha-D-glucose 

The reductive cleavage is carried out by stirring an aqueous solution of a reducing 
sugar into the reaction mixture obtained by the ozone treatment The mixture is then 
heated to a temperature where reduction takes place at a satisfactory rate to ensure a good 
yield of aldehyde. TTte temperature used is conveniently between SO'C and eO'C and a 
timeof about two hours is usually sufficient. The product may then be purified to remove 

substantially all the reacted and any unreacted sugar (if any is present) as described m the 
Examples below. However, it is preferred simply to remove solvent. «.d use the 
aldehyde/peroxide produa in admixture with die oxidised sug^ and any unn^cteds^^ 
remaining, his fiirtherprefened to use excess sugar so that umxactedsugar is pr^^^ 
it is believed, without wishing to be bound by any theoiy.that the sugar may be of valuem 

stabilising the alddiyde product in storage. 

In certain circumstances, for example when the solvent used for the ozonolysis 
contains water, the use of a reducing agent may not be required. 

The present invention can be practised using isolated or purified/semi-purified 
oils extracted from a suitable plant source. However, in addition, or alternatively, the o.l- 
bearing plant tissues (preferably suitably pre-treated, e.g. comminuted) can be subject 

oxidation to pnxluce a product comprising plant matter conuining oxidative cleavage 
products. For example, plant tissues from that have been extracted to remove the majority 
of their oil, but still retainapn,portion of their oil, can be subjected to oxidative cleavage 

watment. TT.e resulting materials can be used to form composites and other products of 
the type hereinbefore defined. An advantage of this aspect of the invention .s that .t 
providesameans of using waste materials that would otherwise be discarded. bec«« of 
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the letetively uneconomic cost of extracting the remaining oil residues. 

Acconlingly. in another aspect of the invention, there is provided a curable 
^al formed by oxidative treatment of a comminuted oil^earing plant m^erial, 
5 whereby theoxidativetreatmenthasconvertedunsatumtedbondsintheo.1 mto«i 

oxidative cleavage pioduct selected from aldehydes and peroxides and mfactures thereof. 

For example, the oil-bearing plant material can be an oil bearing seed, nut or be«.. 
such as oilseed rape, or soya. Tl,e oil-bearing plant material is in a comminuted state, for 
,0 cxampleintheformofamealprepan:dbygrinding. The meal or other oiW««r«g 
comminuted plant material can contain its full original oil content, or c«. contain a 
proportion of its original oil content, the remainder havmg been extracted. 

Thus, for example, in the ««e of oil seed rape or soya, rq>e or soya meal that has 
15 eitheritsoriginalcomplementofoilorhasbeenextracted^KlreUunsonlya^ 
the original oil co«tent.acurable composition isproducedthatcootd^ 
extender of the composition when used in bondingcomposites. or forms then^^ 

cast or moulded body. 

20 Cumble materials of die type in which the original oil bearing plant tissue is still 

™t in comminuted form can be used toform products of the type described abovem 

„latio„toresi«s«.dcomposi.es. The comminuted plant tissue can take the place of, or 
supplement, theparticulateorfibrousmaterialsofthecomposites. It is envisaged that 

phenolic residues present in the plant material, for example lignins, may react with the 
■ 25 aldehydes«.d/orpe«,xidesformedbyoxidativecleavag.oftheoilstofonnphenol- 

aldehyde bonds, for ex^inpie. 

n,e oxidative cleavage products (aldehydes, hemiacetals, peroxides and mixtures 

can be in the form of oils or solids at ambient 



30 



thereof) formed by the oxidation process 
temperatures «ul can subsequenUy be used either in an undiluted state, o. dissolved or 
dispersed in a suitable solvent or presented as an aqueous emulsion, for example. 
Addition of an alkali (typically a stoichiometric quantity of alkali such as a metri 
hydroxide (e.g. NaOH) affords a water soluble compound (possibly a hydrate of the 
aldehyde)thatcanbeemployed in theaqueous state and cured with theaddition of an acid 
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catalyst 

Thus, in a further aspect, the invention provides a curable composition comprising 
an «,ueous emulsion or an aqueous allcaline solution containing an oxidative cleavage 
pHKluct selected from aldehydes and peroxides (and optionally hemiacetals) and mixtures 
.hereof formed by the oxidative cleavage of an unsaturated bond in an unsaturated plant or 
animal oil as hereinbefore defined. The invention further pK«rides a cured composmon of 
the aforesaid type, for example an acid catalysed cured composition. 

The compositions of the invention can be cured in a variety of different ways. For 
example, the compositions are capable of undergoingselfWinkingthroughanmgp of 

chemistries. The propenies of the resulting cured resins or compositions are influenc^l by 
the molecular size of the compounds making up the oxidative cleavage pnnluct and the 
number of reactive sites, both being determined by the chain length of the starting 
15 material and the degree of unsaturation. 

Thus forexample.foraldehydeoxidativecIcavageproducts. crosslinking 
mechanisms mcl«decondensations(e.g.aldol condensations), al^^^ 
and polymerisation reactions vnlh residual reducing sugars e.g. glucose. 

20 . , 

Forhyd.o-pc«ixideoxidativecleavagep.oducts. polymerisation can take place 

with residual olefin bonds within the oxidative cleavagp products, or by me«,s of homo- 

cioss^inking of peroxide or alkyi peroxide moieties. 

Curing of the compositions can also be effiscted by the formation of 
heteropolymers. for example with compounds such as amines or phenols having free 
amino or hydioxyl groups, or other nucleophiles. 

Heteropolymer coupling partners(e.g.co-monomers)can be incorporated either 
30 duringthepreparationoftheoxidativecleavagpproductsoratthecuringsmge. Suitable 
species are generally nucleophiles that can cross-link and become incorporated mto the 
„sin structure. Such heteropolymers have modified properties resulting from changes to 
the crosslinking sites and molecular size of the precursors. Useful properties that can be 
controlled by the choice of additive include: elasticity, rigidity, brittle fracture, toughness. 



25 



wo 00/78699 



PCT/GB0QMI2220 



10 



IS 



9 

shrinkage «««ance to abrasion, penneability to liquids and gases. UV ^sisunce and 
absorbance. biodegradability, density and solvent resistance. 

The properties of the uncured compositions may also be usefully modified using 
additives to control, for example, the viscosity and flow characteristics of the 
compositions on a filler surface or through spray jets. Examples of materids that can be 
added to *e compositions of the invention include aromatics. phenol, resorcinol and other 
homologues of phenol, cashew nut shell liquid (CNSLX lignins. tamiins and pUmt and 
other polyphenols, proteins such as soy protein, gluten, casein, gelatin, and blood albumm; 
glycoU and polyols such as ethylene glycol, glycerol and c«*ohydn«es (e.g. s«B« 

sugsr alcohols); amines, amides, urea, thiourea, dicyandiamide, and meUmme; 
isocyanates such as MDl; heterocyclic compounds such as furfi«al. firiuiyl alcohol, 
pyridine and phosphines. 

Homopolymers and heteropolymers formed from the oxidative cleavag. pmducts 
of the plant and animal oils herembefore defined constitute a further aspect of the 
invration. 

Polymerisation or curing of the compositions and oxidative cleavagp products 
20 typically requires a catdyst. Examples of catalysU include acids such as para-toluene 
sulphonic acid, sulphuric acid, hydrochloric acid and salts that Hben«e «:.ds. eg 
ammonium sulphate and ammonium hydrochloride. 

Further examples of catalysts include Lewis acids such as zinc chloride and zinc 
acetate, aluminium compounds such as aluminium chloride and boron compounds such as 
bortm trifluoride (e.g. in iu trifluoroboroetherate form), and alkalis such as sodium and 
potassium hydroxide. 

still further examples of catalysts include radical initiators such as dibenzoyl 
30 peroxide or ABN. 

•n,c cured resins typically have curing temperatures in the range 10»C to 240-C. 
a^lundergpcuringoverperiodsofSO seconds or longerCforexampleupto many hours). 

Longer curing times aid moulding and spiraiing for example. 
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•n,e gel time (i.e. onset of setting during the curing process) can range from 5 
seconds to many hours over a temperature range of 20-C to 140'C but at ambient 
temperature (22-C) is typically of the order of 30 minutes. 

n,e cured compositions of the invention demonstrate excellent water resistance 

and it has been found that resins used as adhesives in particle boards retain at least half the 

original internal bond strength after an hour of boiling in water. Resins of the type 
exempHf«d below in pu« cured resin form have been found to be impermeable to v«ter 

atO-lOOX. 

The heat stability of the cured compositions has also been found to be very high, 
the degradation temperatures typically falling within the range 1 80»C - 250-C. 
Furthermore, the cured compositions and composites made therefrom have good thermal 
insulation properties and hence are useful in block or foams form as insulating mater«ils. 
The compositions of the invention have been found to have excellent thermal insulation 
properties at least as good as conventional polyurethane foams. 

A further advantage of the compositions and resins of the invention is that they 
have low flammability and do not support combustion readily in air. Furthermore, the 
pyrolysis products of the rosins can readily be selected so as not to produce toxic products 
such as formaldehyde, cyanide, nitrogen oxides or phenol on combustion. 

Another advantage of the resins of the invention is that, when used as an adheswe 
in composite formulations, the resins out perform standard uroa formaldehyde (UF) resins 
25 and are similar in strength to phenol formaldehyde (PF) and isocyanate rosins. 

One particutar use of the rosins of the invention is as adhesives in the manufecture 
of particle board. In order to test the strength of the rosin compositions of the invention, 
test particle boards can be formed using both the alkali and acid catalysed adhesives. 
30 Particle board is formed by pressing a wood particle/adhesive mixture in a die w.th a 
preheated punch to e.g. 6mm stops at an, elevated temperature for several minutes. It .s 
^ary to ensure that at its core the material being pressed reaches a high enough 
temperature forasufficienttime to cure theadhesive. The final dimensionsofthe product 

depending on the shape of the die and the pressure applied. 
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The experimental boards are made from wood chips sieved to remove fines below 
l^and p^ticles greater thanSmm. The wood hasamoisture content of5.8%(w/w dry 

y^) Sufficient adhesive is mixed with the wood particles to give a solids content of 
14% w/w based on dry wood content. The boards are pressed inadie to give boards wtth 
adensityof750g/m3,adiameterof312mmandathicknessof6mm.Pressinginthcd.e.s 

carried on for ten minutes at a temperature of 140»C. 
^^„^,^iwrinti^|n nf thr ' "•■"hndiments 

The invention will now be illustrated in more detail, but not limited, by reference 
to the fonowing examples. In theexamples, the term-aldehydes-isused to d^^ 
reaction p««luctsofthe oxidative cleavage process. It is to be understood to^ 
the term "aldehydes" is used inageneric sense and includes within its scope subsu^ 

odier than aldehydes (e.g. hydroperoxides) formed by the process. 
Rxam ple 1 

Pre paration of rrij.i^r-'ri,\f. AldAvdes 

rv^nnlv.;. in dir M^nW^""" "Si"" 7inr Reducing ARent 

A solution of 400g (ca. 0.5 mole) of rape seed oil (RSO) in dichlorometham, d 
l^) is cooled at -U'C. The solution is stirred with a powerful overhead stirrer. 
Ozonised oxygen gas containing approximately 33.3 mgof ozone per litre of gas .s 
bubbled through die solution atarateoflOlitres per minute until one equivalent of ozone 

has been absort«d (6 hours). The n«ction is monitored by TLC (silica gel plate, 
developed in 20:80etherand petroleum ethersolventsystems). Aceticac.d(l htre).s 
«lded followed by the addition of zinc (320g) while the solution is stirred vigorously. 
The sohtion is allowed to warm very slowly to «)om temperature. Stirring is contmued 
for 2 more horns. Zinc is filtered off at reduced pressu«> and the oxidised product .s 
e^ractedftomether/waterpartition. Ether is removed by evaponrtion to give the final 

product (RSO aldehyde, 398.0g). 

rrrnrnTiF" W*-^ fr"*" ^^^^ 

A solution of 30 g ( ca. 0.08 mole) of RSO in methanol (200 ml) is cooled at - 
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lOX with overhead stirring. Ozone (at an unknovm concentration) in oxygen is bubbled 
through the solution at the rate of 5 litres/minute until no starting material can be detected 
by TLC (Silica gel plate, developed in 20:80 ether and petroleum spirit). Alpha-D- 
Glucose (5 g) is dissolved in alkaline water (pH 1 0) and added to the ozonation product of 
RSO with contmued vigorous stirring. The solution is allowed to warm slowly to room 
temperature, «.d then heated at 60-C for 2 hours. The product is a off white paste that 
becomesasolutionon addition of acids. The product is extracted repeatedly using a 1. 1 
ether/water mixture until a clear solution is observed in the aqueous phase. Removal of the 
ethereal phase affords RSO aldehydes substantially free of the oxidised sugar formed 
during the reductive cleavage and any unreacted sug^r. 

I gxample3 

nrnnolvsis r tf^T" ^'^'^ 

i|sing Gluc"':^ as Reduc ing Agent 

Rape seed oil (30 g) is dissolved in 200 ml of industrial methylated spirit (IMS) 
and placed in a reaction vessel with overhead stirring. Ozone in oxygen is bubbled 
through the solution at a rate of 1 0 litres per minute until no starting material can be 
detected by TLC. Alpha-IMilucose (1 4 g) is dissolved inSOmlofwaterandaddedtothe 
reaction mixture. The mixture is heated to SO'C for 2 hours and allowed to cool and left 
at 25'" C overnight. The solvent is removed under reduced pressure. The RSO aldehydes 
separate as an oily layer from die water on standing. IT* oily layer contains oxidised «h1 
unreacted sugar. 



Example 4 

25 P« T«".tinn and T ^^i" p "f Acid Catalysed Adhesive Cqpippsitipns 

Acid catalysed compositions were made up to die formulations shown in Table 1 
below and the strengths of the bonds formed by the cured compositions were tested. 



IS 



20 



30 



The bond strength for acid calalyscd composition was measured by specially 
designed equipment called ABES (Automated Bond Evaluation System). Specially cut 
and sized veneer of wood is used. Resin was smeared on die test strip on an area of 4 mm 
X 20 mm and pressed with two mini pre-heated platens. After a certain period of time the 
platens were removed from the bond area, ««J Ae bond was cooled by compressed air for 
20 seconds, followed by pulling in a shear mode. Pulling continues until the bond failed. 
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m formulations were tested using a press time of 3 minat 180-C. 



Table I 



Formulations 




Bond Strength (mPa) 


Crude RSO aldehyde (Example 2) 


I.Og 


5 


Para-toluene sulphonic acid 
(p-TSA) 


Q2g 




Extracted RSO dddiyde (Example 1) 


1.0g 


4.04 


^ p-TSA . 


0.2g 





-me data in Table 1 illustrate that a slightly higher bond strength is obtained in the 
presence of the oxidised sugar. 



15 



20 



25 



30 



l^xamoleS 

p^T^ ^inn ftf ac' '* n-^'W"^ composition from RSO aldehyde 

Para^toluene sulphonic acid (0.2g) is dissolved in 02g of methanol to which Ig of 
RSO aldehyde is added. Athmpasteisformedby stirring vigorously with a glass «k1. By 
this method, the formulations of Tables 2 and 3 are obtained. -Hie formulations of Table 3 
differ from those of Table 2 in that molten maleic anhydride was added. 

The formulations listed in Tables 2 and 3 were tested using the ABES appanrtus 
with a press time of 3 minutes at I SO'C. TTk* formulations containing no curing catalyst 
are included to show that in order to get a satisfactory bond strength, a catalyst is needed. 

Table 2 

R»nrf strength f - '-"^ r^t«lvsed RSO resin formulatjons. 





Formulations 




Bondstrengdt(niPa) 


1 


RSO alddiyde alone 




0.4 


2 


RSO aldehyde 


1.0 g 


4.47 




p-TSA(5l%inMeOH) 


0.4g 





PCT/GB0IMn220 



14 



10 



J 


R.SO alddiyde 1 


2.0 g 


4.43 1 




p- T SA {j I ^0 waicr; i 


0.4 g 




A 


RSO aldehvde 1 


4.0g 


135 1 




slvcerol 1 


0.2g 




5 


RSO aldehyde j 




4.16 1 




givcerol 1 


0.2g 






p-TSA (51 /o >n waier; i 


0.4g 




1 o 


RSO aldehyde { 


S.Og 


3.86 




olvcerol 1 


0.4g 






p-TSA (51%inwaterj i 


0.4g 




1 / 


P^Oaldehvde 1 


6.0g 


1.84 






0.2g 




i 


RSO aldehyde 1 


/.«/g 


4.08 




1 pthvlene dvcol 1 


02g 






1 o-TSA (51 % in water) 1 


0.4g 




[9 


RSO aldehyde 




S.Ol 




1 ethvlene eWeol 


0.4g 






D-TSA (51 % in water) 


0.4g 




10 


RSO aldehyde 


t Ob 


S.S6 




1 fiirfiirvl alcohol 


03g 






ivTSA(51%inwater) 


0.4g 




111 


RSO aldehyde 


1 t Oe 

1 '-"B 


535 




ftirfuryl alcohol 


O^g 






o-TSA (51 % in water) 


02g 




1 


, RSO aldehyde 


1 1 Os 


5.77 




1 phenol 


O.Sg 






D-TSA(51%inMeOH) 


0.4g 




13 RSO aldehyde 


I l.Og 


4.81 




CNSL 


1 1-Og 






p-TSA(5l%inMeOH) 


0.4g 




1 


4 RSO aldehyde 


l.Og 


336 




urea 


l.Og 






D-TSA (51% in MeOH) 


0.4g 
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Table 3 

Fffert ftf Mf i'-i'' Anhydride* on Acid Catalysed Resiti 



5 



Jl 


Formuladons 1 




Bond Strengdi 


"i r 


EC50 aldehyde alone 




0.4 


2 


rSO aldehyae 


l.Og 


4.48 




i>-TSA 1 






1 1 1 
1 ^ 1 


DCO alHehvde 1 


0.7g 


5.31 




maleic anhydride t 


OJg 






p-TSA IsoiiQ) 1 


0.2g 




1 A i 


RSO aldehyde 


0.7g 


5.35 




mftleic fuihvdride 


0.3g 






p-TSA (solid) 


OJg 






furfuryl alcohol 


OJg 




1 5 


RSO aldehyde 


1 0.7. 


5.51 




maleic anhydride 


OJg 






1 glycol 


0.4g 






|p-TSA (solid) 


OJg 






TrSO aldehyde 


1 OJg 


5J5 




1 maleic anhydride 


0.3g 






1 gjycol 


0.4g 






p-TSA (solid) 


OJg 






1 furfuryl alcohol 


OJg 





*The maleic anMridc was added in mohen form. 



Bxample 6 

,5 i>« ^.«.ri«n nf Bag ' r,t«lv«id RSO Aldehyde Compositions 

Base catalysed compositions were formulated as shown in Table 4 and were tested 
using the ABES apparatus with a press time of three minutes and a temperature of 1 SO'C. 
The bond strengths demonstrated by the compositions are also shown in table 4. 



20 Table 4 

pn,^ r.,.\yc^ RSO Aldp^Y'^f Cnmnositions 
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Formulations 




Bond Strength (mPa) 


1 1 


RSO aldehyde alone 


l.Og 


0.4 


1 2 

1 1 


RSO aldehyde 


i.Og 


1.85 






0.4g 




1 'K 1 
1 1 


RSO aldehyde 


l.Og 


1.8 




NaOH(13,6%) 


0.4g 




4 


RSO aldehyde 


1 Os 


2J8 




ure& 


02g 






NaOH(30%) 


0.4g 






1 RSO aldehyde 


I Oe 


2.02 




ureft 


02s 






NaOH(13.6%) 


0.4g 




1 ^ 
1 


1 RSO aldehyde 


1.0g 


1.69 




1 glycerol 


0.4g 






NaOH(13.6%) 


0.4g 




I? 


1 RSO aldehyde 


1.0g 


2.43 




1 ethylene glycol 


0.4g 






|NaOH(l3.6%) 


0.4g 





The compositions weie formulated using aqueous NaOH hence the relatively low 
bondstrengthsalthepiessingtimesused. Higher bond strengths can be obtamed by using 

pressing times longer times. 



Example 7 
IS n»innnlvsis p f firmind Raoemeal 

A mixture of 1000 g of ground rape-meal in 2 litres of IMS is maintained at about 
2ffC with overhead stirring. Stimng is continued for an hour so as to extract oil into the 
solvent Ozone in oxygen is then bubbled through the mixture at 10 litres/min until no 
soluble starting material can be detected by TLC (silica gel plate, developed in 20:80 ether 
20 and petroleum spirit). An aqueous san,rated solution ofalpha-I>Glucose(33g) is added 
to the mixture and held at 40X for about 3 hours, whereupon substantially all the solvent 
is removed under reduced pressure. The meal containing the aldehydes formed by the 
treatment with the sugar is dried at room temperature and then in an oven at 65 'C to a 
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moisture content of about 4%. 

The dried meal (1 lOg) was mixed with 5g furfiiryl alcohol and 3g para toluene 
sulphonic acid and pressed at 1 80 C for 3 minutes to form a cured body. 

5 

Example 8 

Fftrmatinn of Solids and Films from RSO Aldehydes 

RSO aldehyde (Ig), prepared as described in Example 3 was mixed with 0.2g of 
para toluene sulphonic acid dissolved in water. Furfuryl alcohol (0.2g) was then added 
10 with stirring and the mixture was allowed to stand. The mixture set to a solid plastic 

material after 4 hours. Another quantity of the mixture was prepared and cast into a film 
and allowed to set. 

Example 9 

15 Preparation nf resin monomer with Fenton's reagent 

Hydrogen peroxide(20 g) is added to 20 g of oil (triglyceride or any odier oil wiA 
unsaturation in die chain) with stirring and then 0.4 g of protein {e.g. Supro 500E) is 
added to the mixture with continued stirring. An emulsion is formed. A solution of 
ferrous sulphate (0.2 g in 10 ml of 0. IN Hydrochloric acid) is added dropwise to the s 

20 above mixture with stirring. If necessary more hydrogen peroxide and ferrous sulphate is 
added to the completion of the reaction indicated by TLC. Products are extracted with 
petroleum ether (bp 40-60"C) and washed with water several times. 

Example 10 

25 OTonolvsis of fVil rCNSL or anv givcerides w ith unsaturation in the chain) in Acetone^ 
water blend 

Plant oil (220.5 g) is mixed wiA 2 litre acetone and 800 ml water. The mixture is 
cooled to 15"C and ozone in oxygen is bublcd through the mixture with stinring. The 
progress of the ozonolysis is monitored by TLC (usmg a soWent mixture of 
30 petroleumelher (bp and diethylether, 4: 1, v/v as eluent) and stained with vanillin. 

The reaction mixture is reduced with 270 g of alpha-D-glucose dissolved in 500 ml of 
warm water. Acetone is removed under reduced pressure. On standing the mixture 
separates into two layers, the top layer with products and the bottom layer with water and 
sugar. When the starting material is cashew nut shell liquid (CNSL), the product is an oil 
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with a range of aldehydes and hydroxy-hydroperoxides. The triglyceride oil affords solid 
(mp 5(y*C) widi a range of aldehydes and hydroxy hydroperoxides. 

Example 10 

5 D ynnolvsis of "H (rNSL or any elvcerides with imsaturation in the chain) as gm^Mo^l 
Plant oil (320 g) is mixed with 3 litres of water and 32 g of protein (e.g. Supro 
500E) or an equivalent amount of a commercial surfective agpnt is added to the mixnire. 
The mixture is stirred vigorously to form an emulsion. The emulsion is cooled to a 
temperature of around 20^ and ozone is bubbled through the emulsion until ozonolysis is 

10 complete. Ozonolysis is monitored by TLC. 

Reduction of the mixture is carried out with 270 g of alpha-IHl«cose dissolved in 
500 ml of warn water. The product, which is a range of aldehydes and hydroxy- 
hydroperoxide, is extracted with diethylethcr. 

15 

Rxamole 1 1 

fyw ^nlysis of Oil rfl l y^eritles wi t ^ «n«rtiir«tinn in the chfttnt blended witii Tannin fP|aqt 
p^lYifh^ncils^ or other ^t«ra\ phtaiolics 

An amount (441 g) of oil and 441 g of tannin are mixed with 4 litres of acetone 
20 and 1 litre water. The mixniie is cooled to 1 S-C and ozone in oxygen is bubbled through 
the mixture with stirring. The progress of the ozonolysis is monitored by TLC using a 
solvent mixture of petroleum ether (bp 40-60»C) and diethyl ether. 4: 1, v/v as the eluent 
and staining with vanillin. After ozonolysis is complete, the ac«*)ne is removed under 
reduced pressure. The resulting product is a homogeneous mixture of modified oil (a 
25 range of aldehydes and hydroxyhydroperoxides) and tannin in water and also some 
reaction products of modified cil and tannin. Total removal of water affords a solid 
mixture. 

Whrai the acetone-waler solvent mixture is replaced by equivalent amount of IMS, 
30 the end product of ozonolysis is a mixture of modified oil (a range of aldehydes and 

hydroxyhydroperoxides) and tannin and also some reaction products of modified oil and 
tannin. Removal of IMS affords a thick paste. 



pxamole 12 
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A pplications of Aldehyde Mixtures Formed bv Qzonolvsis 



Example 12A - Resin roofing slates 

Composite roofing panels are manufactured using a resin as described above in 
S Examples 1 to 11 at a range of addition rates (5%-40%). A blend of inorganic particles 
described as 'grain' and 'dust' is utilised in varying proportions. 



Roofing panels formed in this manner typically exhibited charpy impact strength 
values of 1.2 KJ/M^ and flexural modulus values of 8700 MPa. 

10 

Example 12B - Self-levelling floor compound 

Samples of a self-levelling compound (CNSL or triglyceride resins in combination 
with methylene diphenyl diisocyanate (MDI)) were formed. 

IS The resin mixtures containing the MDI were blended with a range of materials 

e.g. sand, grit to give robust surface properties. The properties of the compositions 
included a high degree of hydrophobicity and resistance to impregnation by solvents e.g. 
acetone, dichloromethane. The resins have potential as a binder for substrate for use in 
laminate flooring. 

20 

Example 12C - Foam Composition 

Samples of low-density expanded foams were manu&ctured tising CNSL and 
MDI. The mix ratios of the two components ranged from 20: 1 - 1 : 1 .4. The densities of 
the foams produced ranged from about 50 kgfm^ to 200 kg/NP. 

25 

Example 12D - Solid Fuel Briquettes 

Samples of solid fiiel briquettes were numufactured using a cold-cure technique 
employing CNSL and triglyceride resins with an acid catalyst. The briquettes typically 
had a crush-strength value after? days of 19 IcN. 

30 

Example I2E - Wood preservation 

Wood panels were impregnated with dilute solution CNSL aldehyde catalyzed 
with acid or alkali. CNSL aldehyde is soluble in water when alkali (e.g. sodium 
hydroxide) is used as catalysts but alcoholic or other organic solvents (e.g. IMS) were 
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required when acid (e.g. para-toluene-sulphonic acid) was used as catalyst The 
impregnating resins were cured at room temperature and the treated wood panels were 
found to have superior dimensional stability, water resistance and resistance against wood 
decaying agents. 

5 

Rvam ple 12F - Wnnd-hased Panels 

Wood base panels were manufactured having a resin content of 10%. The 
properties of the panels were as follows: 

10 CNSL aldehyde (alkali cured) 

Internal Bondstrength 0.98 Mpa 
24 hour thickness swell 20.4 % 

CNSL aldehyde (acid cured) 
15 Internal Bond strength 1.05 MPa 

Internal bond after boiling 0.54 MPa 
24 hour thickness swell 1 2.2 % 

Example 13 

20 Piirahle Resin r^mposition rnntainine Pine Tannin 

A curable composition is formed by blending an oxidised triglyceride (produced 
by ozonolysis). pine tannins and i^-TS A in the following proportions: 

oxidised (ozone method) triglycerides 75.0g 

75.0g 

25 pme tanmn ^ 

p-TSA 
w«er 



30 



The Wend is fonned by dissolving para-toluene sulphonic acid in the water and 
adding the tannin slowly with stiiring. Finally, the oxidised oil is added to the mixture. 



Rxamole 14 

r,.pi ^tle Comp^ ^j ri"" contain inp triglycerides and phenol 

A curable composition is fonned by blending an oxidised triglyceride (produced 
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by ozonolysis), phenol and p-TSA in the following proportions: 

oxidised (ozone method) triglycerides 

phenol 

p-TSA 

water 



10g.6g 
41.4g 
30.0g 
30.0g 



10 



IS 



The blend is fiwmed by dissolving para-toluene sulphonic acid in the water and 
adding to melted phenol. Finally, the oxidised oil is added to the mixture. 

Example IS 

Pmperties of R ^ f i" ptnduced fi «n^ fVxidised Trifflvcmde «nd Ping Tmniff 

By means of the test meAod desoibed in Example 4, die bonding strength of tiie 
pine tannin-containing composition was determined for varying press times and press 
tempeiatures, and the bonding strengAs are shown in Tables S and 6 below. 



20 



Rnnding strenpths at various temneratures after a nress time of 40 seconds 



Temperature ("C) 


Strength (mPa) 


70 


1.6S 


80 


231 


90 


252 


100 


32i 


no 


5.13 


120 


5.73 


130 


4.07 


140 


4.16 


150 


4.17 


160 


4.53 


170 


4.45 



25 



30 
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I 180 I 4 

Table 6 

p^^^n fr < ft T«iiyths for bonds formed at nress temperature pf W 

5 



Time 


Strength (mPa) 


10 


2.79 


20 


Z.oZ 


30 


4.51 


40 


5.12 


50 


4.88 


60 


4.10 


90 


4.71 


120 


4.97 


180 


4.52 


240 


4.89 


300 


4.86 



It will readily be apparent that numerous modifications and alterations can be 
20 made to the processes described in the foregoing examples without departing from the 
principles underiying the invention, and all such modifications and alterations are 
intended to be embraced by this application. 
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CLAIMS 



15 



1. 



25 



4. 



20 5. 



A solid composite material comprising a matrix formed from a particulate or 
fibrous material and a cured thermosetting resin, wherein the cured thermosetting 
5 resin is derived from an oxidative cleavage product selected firom aldehydes and 

peroxides and mixtures thereof formed by the oxidative cleavagp .of an 
unsaturated bond in an unsawrated plant or animal oil, other than the oamolysis 
cleavage product of cashew nut shell liquid. 

to 2. A solid composite material accordingto claim I wherein the particutate or fibrous 
material is an organic material. 

3. A solid composite material according to claim 2 wherein the organic material is a 
lignocellulosic material. 



30 



A solid composite material according to claim 3 wherein the lignocellulosic 
naterial is selected from wood, straw, hemp, jute, flax, coconut fibre, rice straw 
and maize. 

A solid composite material according to claim 4 wherein the lignocellulosic 
material comprises wood particles or wood fibre. 

6. A solid composite material according to claim 1 wherein the particulate or fibrous 
matoial is an inorganic material. 

7. - A solid composite material according to claim 6 wherein the inorganic material is 

selected from inorganic particulates and fibres. 

8. A solid composite material according to claim 6 wherein the inorganic material is 
selected fiom charcoal, marble (e.g. crushed marble), mineral fibre, mineral 
particles, ceramics, crushed rock, clay. coal, slate and glass, e.g. fibre glass. 

9. A solid composite material according to any one of the preceding claims in sheet 
form or moulded form. 
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10. A solid composite material according to claim 9 in the form of a board or panel. 

11. A solid composite material according to claim 1 0 in the form of a wood fibre 
5 board. 



1 2. A solid composite material according to claim 1 0 in the form of a building board 
or panel. 

13. A solid composite material according to any one of the preceding claims wherdn 
the oxidative cleavage product is formed by the oxidative cleavage of an 
unsaturated plant oil. 

14. A solid composite matwrial according to claim 13 wherein the plant oil is selected 
fi^om rapeseed oil, soyabean oil, olive oil, castor oil, mustard seed oil, giPOund nut 
oil and linseed oil. 

1 5. A solid composite material according to any one of the preceding claims wherein 
the oxidative cleavage product is formed by ozonolysis of the oil. 

16. A solid composite material according to claim 15 whmin the ozonolyis is 
followed by a reductive cleavage step to form the oxidative cleavage product. 



A solid composite material according to claim 15 wherein die reductive cleavage 
step is effected by means of a reducing agent selected from metal/acid reducing 
agents and reducing sugars. 

A solid foam material comprising a matrix formed firom a cured resin, wherein the 
cured resin is derived ftom an oxidative cleavage product selected from aldehydes 
and peroxides and mfactures thereof formed by the oxidative cleavage of an 
unsaturated bond in an unsaturated plant or animal oil. 



19. A solid foam material wherein the oil is as defined in any one of the preceding 
claims or is cashew nut shell liquid. 



wo 00^8699 



PCT/GB0QAI2220 



25 



20. A resin composition, the resin composition being derived from an oxidative 
cleavage product selected from aldehydes and peroxides and mixtures thereof 
formed by the oxidative cleavage of an unsaturated bond in an unsaturated plant 

5 or animal oil. 

21. A resin composition according to claim 20 wherein die oil is other than soya oil. 

22. A resin composition according to claim 20 or claim 2 1 and including an acid or 
10 base catalyst. 

23. A resin according to claim 22 when cured. 

24. An article or compositicm formed from or comprising a resin as defined in any one 
1 5 of claims 20 to 23, the article or composition being selected from moulded panels. 

non-woven materials, fibre-glass products, boards, treated paper, treated fehric, 
spun textiles, toys (e.g. children*s txiys), lubricants, adhesives, castings, 
automotive components (such as bumpers, fenders, steering wheels, interior 
panels and mouldings, exterior trim and mouldings), upholstery (as padding or 

20 mouldingsX bonded recycled materials, foundry castings and casting materials 

(for example binders for refractoiy articles), bearings, films and coatings, 
packaging, foams, paint components, pipes, architectural and building products 
such as door and window frames, varnishes, release controlling coatings such as 
release controlling coatings for pharmaceuticals, solid prosthetic devices and 

25 medical devices, and wood treatment agents, e.g. for preserving and modifying the 

properties of wood. 

25. A curable material formed by oxidative treatment of a comminuted oil-bearing 
plant material, whereby the oxidative treatment has convmted unsaturated bonds 

30 in the oil into an oxidative cleavage product selected from aldehydes and 

peroxides and mixtures thereof. 



26. 



A curable material according to claim 25 wherein the oil-bearing plant material is 
an oil bearing seed, nut or bean, such as oilseed rape, or soya. 
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27. A curable composition comprising an aqueous emulsion or an aqueous alkaline 
solution containing an oxidative cleavage product selected from aldehydes and 
peroxides and mixtures thereof formed by the oxidative cleavage of an 

5 unsaturated bond in an unsaturated plant or animal oil as hereinbefore defined. 

28. A composition according to claim 27 when cured. 

29. A process for the production of aldehydes and/or peroxides, which process 

10 comprises die treatment of a vegetable oil with ozone (e.g. in the presence of an 

alcohol as a solvent for the oil) so that hydroperoxides are produced, and the 
reductive cleavage of the hydroperoxides wiA a reducing sugar. 



30. 



A process according to claim 29 wherein the reducing sugar is a monosaccharide 
15 or a disaccharide, for example a hexDse monosaccharide sugar such as glucose, 

mannose, allose, and gabctose. and or a disaccharide such as maltose. 
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